Figure 1. The rainbow trout female possessing mottled yellow and dark skin pigmentation at 2 years of age.
Within a group of rainbow trout at a commercial farm, a single individual was noted for its mottled yellow and dark skin pigmentation. This female fish was reared to sexual maturity and sublots of its eggs were crossed to rainbow trout males from golden, albino, and wild-type (dark-pigmented) strains. Development in other eggs was activated to produce diploid gynogenetic offspring. Coloration within each progeny group was scored at 10 weeks following initiation of feeding. Mottled coloration was observed in none of the progeny at this time. The phenotypes observed (palomino, albino, and/or wild type) and their proportions within progeny groups indicated that the mottled female was originally heterozygous for albinism. The fish apparently became mosaic for this trait following mutation of the wild-type allele at the albinism locus within a cell(s) early in embryonic development. Curiously, at approximately 6 months after initiation of feeding, mottled coloration became apparent in 2 fish from among 25 progeny of the cross to the golden male. No change in phenotype was noted at this time in 9 gynogenetic progeny nor in 68 progeny from the cross to the albino male. Apparently additional mutations and/or other genetic and regulatory processes affecting coloration came into play during juvenile development of these latter two fish.
Among a group of rainbow trout being reared at Casta Line Trout Farms, Goshen, VA, an individual with a unique mottled coloration was noted. This fish had large patches of skin of either yellow or dark (wild-type) coloration, and darkly pigmented eyes ( Figure 1 ). The owner of the farm was interested to know if this trait was heritable and whether fish with the mottled coloration might have particular economic value for sportfishing.
We hypothesized that the mottled rainbow trout was mosaic at the golden locus. A female of similar mottled skin coloration and darkly pigmented eyes, pictured in Willers (1991) , was the fish from which the West Virginia Centennial Golden rainbow trout strain was derived ( Beall 1963; Clark 1970; Wright 1972) . Wright (1972) described the nature of golden as being a single-locus, partially dominant autosomal trait. In the homozygous condition, golden (GЈGЈ) rainbow trout completely lack melanophores, resulting in appearance of an underlying bright golden-yellow coloration. Heterozygosity for golden (GЈG) is associated with a significantly reduced number of melanophores relative to wild-type individuals (GG), and a brownish-yellow coloration. These fish are referred to as palomino rainbow trout. Both goldens and palominos possess normal dark eye pigmentation.
The mottled fish was reared for 3 years to sexual maturity for subsequent progeny testing. Eggs from this female were fertilized with sperm of rainbow trout males of various phenotypes. In addition, diploid gynogenetic progeny were produced. The objectives of these tests were to determine the genetic identity of the mottled rainbow trout, and whether the mottled coloration was a heritable trait.
Methods
At 3 years of age, the female rainbow trout with mottled yellow and dark skin pigmentation and dark eyes was manually stripped of its eggs. The eggs were subdivided into several groups for production of five different types of progeny. Three groups of approximately 100 eggs each were fertilized with sperm from one of three males of wild-type coloration, obtained the same day from Erwin National Fish Hatchery, Erwin, TN. Two groups of approximately 300 eggs each were fertilized with sperm from a golden rainbow trout or an albino rainbow trout, both available at Casta Line Trout Farms. Development in another two groups of approximately 300 eggs each was activated with ultraviolet ( UV)-irradiated sperm from one of the wild-type males, followed by thermal shock to induce second polar body retention for the production of diploid gynogenetic progeny (Chourrout 1982; Palti et al. 1997; Scheerer and Thorgaard 1983) . Prior to thermal shocking, approximately 50 eggs were removed from each of the latter two groups to provide haploid control embryos.
The eggs were incubated in separate boxes within a vertical tray incubator. Water temperature averaged approximately 12ЊC. One week after hatching the fry were transferred to separate screen-sided buckets suspended within a common rearing trough. Progeny from the three crosses to wild-type males were pooled at this time, as were the two groups of gynogenetic fry. Following initiation of feeding the fish Table 1 . Formulas for predicting phenotypic ratios a and observed (number per phenotype/total number of progeny) and predicted b (in parentheses) ratios among progeny from crosses of the mosaic yellow and dark mottled female rainbow trout with male golden rainbow trout and albino rainbow trout 
GG/Aa, GG/aa (mosaic for albinism) GG/AA wild type 1 GG/aa albino
Observed and predicted phenotypic ratios GG/Aa, GG/aa mosaic for albinism GG/AA wild type Ͼ200/Ͼ200 (1.0) GG/aa albino 19/240 (0.08) 221/240 (0.92) GЈGЈ/AA golden 220/220 (1.0) a X equals the proportion of premeiotic ooctyes possessing the mutated GЈG or aa genotype, and X Ϫ1 equals the proportion of oocytes with the original GG or Aa genotype. b Predicted ratios are based on results from the cross with an albino male which indicated that prior to meiosis 84% (X) of the oocytes were homozygous for albinism and 16% (X Ϫ 1) were heterozygous. GЈGЈ ϭ golden; GЈG ϭ palomino; GG ϭ wild type, normal dark pigmentation. AA and Aa ϭ wild type; aa ϭ albino. a X ϭ the proportion of premeiotic ooctyes possessing the mutated GЈG or aa genotype; X Ϫ 1 ϭ the proportion of oocytes with the original GG or Aa genotype. b Predicted ratios are based on results from the cross with an albino male which indicated that prior to meiosis 84% (X) of the oocytes were homozygous for albinism and the remainder (X Ϫ 1) were heterozygous. GЈGЈ ϭ golden; GЈG ϭ palomino; GG ϭ wild type, normal dark pigmentation. AA and Aa ϭ wild type; aa ϭ albino.
were reared for 10 weeks, after which the number and proportion of fry within progeny groups was calculated for each coloration phenotype-dark (wild type), yellow with dark eyes (palomino or golden), or yellow with red eyes (albino). No attempt was made to discern palomino from golden coloration, as we found that the distinction is insufficiently certain in fish of this size and age. The phenotypic ratios were then compared to those expected under the hypothesis of mosaicism for golden. Formulas for calculating predicted ratios are presented in Table 1 for the different crosses and in Table 2 for the gynogenetic progeny. Predictions in the latter were calculated for both 100% and 0% exchange between homologous chromosomes during crossing over in meiosis I.
Results
The observed proportions of fish per phenotype within each progeny group are also provided in Tables 1 and 2 . Fry from the crosses with wild-type males accidentally died shortly before 10 weeks following initiation of feeding. However, it was recorded that of the more than 200 fish, all were of wild-type coloration. The fry produced in the two haploid gynogenetic control groups all died prior to or shortly after hatch, confirming the effectiveness of the UV irradiation treatment and that all survivors among the thermal shocked fish were diploid gynogens.
A portion of the fish within each progeny group were kept for continued rearing. Beginning at approximately 6 months, mottled coloration became progressively apparent in 2 fish from among 25 progeny of the cross to the golden male. No change in phenotype was noted at this time in 9 remaining gynogenetic progeny and 68 progeny from the cross to the albino male.
Discussion
Phenotypic ratios predicted according to our initial hypothesis of mosaicism in the mottled female for a single golden allele (GЈG, GG) did not agree with the ratios observed in the progeny tests. The unexpected appearance of albinos among the progeny from the cross with an albino male and among the gynogenetic progeny led to the alternative hypothesis that the mottled female was mosaic for albinism (Aa, aa). Formulas for predicted phenotypic ratios under this hypothesis are also presented in Tables 1 and 2 . Albinism in rainbow trout, as in other fish species ( Kirpichnikov 1981; Tave 1993) , is associated with yellow skin pigmentation and red eyes. The lack of pigmentation is associated with a simple recessive autosomal trait involving a mutation which precludes melanin production ( Bridges and von Limbach 1972; Kirpichnikov 1981; Tave 1993) . The observed phenotypic ratios in our progeny tests agree well with the alternative hypothesis.
Under this hypothesis, the female was originally heterozygous for albinism (Aa). The mosaic condition was likely the result of a mutation in the single ''A'' allele to ''a'' at the albinism locus within a cell(s) early in embryonic development. This hypothesis would have been more predictable when it was remarked later that albinos have occasionally been observed among fish of the commercial strain from which the mosaic female was obtained (Plemmons BP, personal observation). Dobosz et al. (1999) characterized a double-locus inheritance scheme for yellow coloration in a Polish strain of rainbow trout which differs from that for golden and albinism. This strain also originated from of a fish with mottled skin pigmentation ( Dobosz et al. 1999; Maliszewski 1987) . However, results in the present tests conform well to the previously described schemes for golden and albinism.
In predicting coloration ratios for gynogenetic progeny, calculations in Table 2 were made for the cases of both 100% and 0% exchange of alleles during crossing over between homologous chromosomes during meiosis I. Crossing over in trout chromosomes is apparently obligatory and occurs only once per chromosome arm such that gynogenetic progeny will be virtually 100% heterozygous for terminally located loci (Allendorf et al. 1986; Thorgaard et al. 1983 ). Thorgaard et al. (1995) demonstrated that the golden locus is tightly linked to the centromere and that exchange of alleles during crossing over does not occur. In contrast, they demonstrated that the locus for albinism in five of six albino rainbow trout strains was apparently telomeric; exchange of alleles occurred nearly 100% of the time. In our progeny test of the mottled female with an albino male, 8% of the 240 progeny were darkly pigmented. The proportion (1 Ϫ X) of ooctyes in the mosaic female which were heterozygous (Aa) upon entering meiosis would therefore be approximately 2 ϫ 0.08 ϭ 0.16 ( Table 1) . Using this figure, the number of the 41 diploid gynogenetic progeny that would be wild type when exchange during crossing over occurred 100% and 0% of the time was predicted to be seven and three, respectively. The observed number (five) was intermediate and the results could not be used to confirm the percent exchange at this locus during crossing over.
Rainbow trout with mottled skin pigmentation have been observed in a variety of strains, albeit rarely ( Beall 1963; Galbreath PF, personal observation; Hinshaw JM, personal communication; Maliszewski 1987; Parsons JE, personal communication; Wright 1972) . This odd color pattern appears to be caused by mosaicism, in this case for albinism and in other cases for the golden locus. In both situations, the phenotype is similar in general appearance and the trait is not directly heritable. Whether or not mottled coloration of the two fish that appeared after 6 months of age involved a postzygotic mutation of the golden or albino gene is unknown. Also, it is unclear what other genetic and developmental mechanisms may have come into play such that the coloration pattern was not expressed until later in the juvenile stage. To help answer these questions, our intention is to rear these two fish until sexual maturity for subsequent progeny testing.
Does Fitness Erode in the Absence of Selection? An Experimental Test with Tribolium

A. Łomnicki and M. Jasień ski
In the absence of natural selection, average fitness in the population is expected to decline due to the accumulation of deleterious mutations. Replicate populations of flour beetles (Tribolium confusum) were maintained for 22 generations in the virtual absence of selection (random mating, favorable environment, excess of food, and mortality of only 3%). Larva-to-adult survivorship rates were similar in the stock population and selection-free populations. In contrast, starvation resistance of adult beetles from selection-free populations was significantly reduced (by more than 2% per generation). When tested in the favorable environment, beetles in one selection-free population had significantly slower development and smaller sizes of females than beetles from the stock population. Since such changes in these fitness components are usually maladaptive, they indicate possible erosion of fitness under relaxed selection at the rate of 0.1-0.2% per generation. No fitness erosion was detectable in the second selection-free population.
The fitness of organisms may be viewed as a compromise between natural selection which tends to raise fitness and several factors that continually erode it ( Burt 1995; Fisher 1958) . The characterization of the evolutionary dynamics of a population requires the knowledge of how fragile this compromise is, that is, the ease with which the dominance of the eroding factors would lead to maladaptation and a subsequent decline in fitness. The erosion of fitness may be caused, for example, by accumulation of deleterious mutations, genetic drift, or temporal and spatial changes in the quality of the environment. What happens if natural selection, the main
